The protozoan parasite Entamoeba histolytica causes amoebiasis, a major public health problem in developing countries. Motility of E. histolytica is important for its pathogenesis. Blebbing is an essential process contributing to cellular motility in many systems. In mammalian cells, formation of plasma membrane blebs is regulated by Rho-GTPases through its effectors, such as Rho kinase, mDia1, and acto-myosin proteins. In this study, we have illuminated the role of EhRho1 in bleb formation and motility of E. histolytica. EhRho1 was found at the site of bleb formation in plasma membrane of trophozoites. Overexpression of mutant EhRho1 defective for Guanosine triphosphate (GTP)-binding or down-regulating EhRho1 by antisense RNA resulted in reduced blebbing and motility. Moreover, serum-starvation reduced blebbing that was restored on serum-replenishment. Lysophosphatidic acid treatment induced bleb formation, whereas wortmannin inhibited the process. In all these cases, concentration of GTP-EhRho1 (active) and Phosphatidylinositol 4,5-bisphosphate (PIP2) inversely correlated with the level of plasma membrane blebbing. Our study suggests the role of EhRho1 in blebbing and bleb-based motility through PI3 kinase pathway in E. histolytica.
| INTRODUCTION
Entamoeba histolytica is the causative agent of amoebic dysentery or amoebiasis, a major public health problem throughout the world, particularly in developing countries (Stanley, 2012 ; WHO/PAHO/ UNESCO report, 1997). Trophozoites display dynamic actin-rich cytoskeleton network that undergoes rapid remodelling in response to chemotactic/phagocytic signals. Both motility and phagocytosis are associated with E. histolytica pathogenesis. E. histolytica cells primarily move through pseudopodia and blebs. Blebbing is an essential process contributing to trophozoite motility during invasion of host tissues such as the gut epithelium, which has similarities with invasive processes such as metastasis and extravasation (Maugis et al., 2010; Ralston & Petri, 2011) . Pseudopods are actin-rich projections that encompass a part of the cell surface along with cytoplasm. On the other hand, blebs are small protrusions of plasma membrane that help the cells to migrate in forward direction (Fackler & Grosse, 2008) . Studies have shown that bleb-based motility is also important for many physiological and pathological processes, such as alteration of cell adhesion during metastasis, cytokinesis, and early developmental stages (Boucrot & Kirchhausen, 2007; Burton & Taylor, 1997; Keller & Eggli, 1998; Kitzing et al., 2007; Shook & Keller, 2003; Voura, Sandig, & Siu, 1998) . However, detailed molecular mechanisms underlying membrane blebbing remain to be elucidated.
Formation of a bleb starts with local depolymerisation of actin or alteration of lipid distribution that causes impairment of actin and membrane attachment at cortical regions of the cell. This leads to generation of cytosolic pressure on the plasma membrane resulting in bleb nucleation followed by the expansion of bleb, mainly due to constant hydrostatic pressure on the membrane (Charras et al., 2005; Trinkaus, 1973) . Once a bleb is formed, subsequent actin polymerisation along the bleb membrane halts the bleb extension.
Human RhoA (HsRhoA) and other proteins generate pulling force via acto-myosin contraction to bring back the extended membrane Sheetz, Sable, & Dobereiner, 2006; Tournaviti et al., 2007) . It is not clear what initiates the local disruption of membrane cytoskeleton, but Rho GTPases and their downstream effectors play crucial role in controlling these cytoskeletal rearrangements. Rho GTPases are the molecular switches that are regulated by guanine-nucleotide exchange factors (GEFs), GTPase activating proteins (GAPs), and Guanosine diphosphate (GDP) dissociation inhibitors (GDIs; Hodge & Ridley, 2016) . For example, binding of GEF leads to conformational changes that enhance the exchange of GDP to GTP.
Activation of Rho induces translocation to membrane that allows it to interact with downstream effectors. Binding of GAP increases the intrinsic GTPase activity of Rho proteins, enhancing hydrolysis of GTP to GDP. After hydrolysis of GTP, GDI binds to GDP-bound Rho and this complex is the active form in cytosol. The GTP-loaded Rho activates Rho-kinases (ROCK) and Formins (mDia1) that result in their recruitment to the membrane and regulation of myosin and actin polymerisation. Recent studies have shown that mDia1 makes a positive feedback loop with HsRhoA and increases ROCK activity in an HsRhoA-dependent manner, promoting myosin light chain phosphorylation .
Analysis of E. histolytica genome revealed a large number of putative Rho domain containing proteins that show high sequence similarity with human GTPases (Lohia & Samuelson, 1993; Lohia & Samuelson, 1996) . In fact, E. histolytica expresses 19 Rho proteins, compared with 18 Rho family members reported in human (Bosch et al., 2011; Hall, 2012) . The functional assignment of amoebic Rho proteins has not been carried out systematically, and only limited information is available regarding their role in amoebic biology. Particularly, we do not have much information about the participation of Rho GTPases in regulation of actin cytoskeleton in E. histolytica. Overexpression of a constitutively active mutant of EhRacG in E. histolytica altered cytokinesis and cell polarity due to concentration of F-actin at one end of the cell (Guillen, Boquet, & Sansonetti, 1998) . EhRacA and its effector EhPAK2 are likely to be involved in regulation of cytoskeleton as delayed cytokinesis and a defect in phagocytosis were observed on over expression of EhRacA (Ghosh & Samuelson, 1997) . EhRho1 protein display 47% sequence identity with its mammalian homologue HsRhoA. However, EhRho1 is not a substrate of ADP ribosylation by C3 exoenzyme from Clostridum botulinum unlike its HsRhoA, but can be glucosylated by Clostridum difficile toxin B and Clostridum novyi α-toxin (Majumder et al., 2006) . E. histolytica EhRho1 does not have "Rho insert helix," a signature domain that separates Rho family GTPases from Ras superfamily (Godbold, Corbett, & Mann, 2002; Majumder et al., 2006) . Moreover, the amoebic protein has an altered nucleotide binding site (F28L) that gives EhRho1 a faster nucleotide exchange rate compared to the human homologue, without being constitutively active (Bosch et al., 2011) . The human HsRhoA has multiple downstream effectors that participate in cytoskeleton regulation.
Similarly, EhRho1 has been reported to regulate cytoskeleton dynamics through EhFormin1 and ROCK-2-like protein in E. histolytica and induce stress fibres in Rat-2 cells, suggesting that EhRho1 is involved in signalling pathways similar to that of the human (Bosch, Yang, & Siderovski, 2012; Franco-Barraza et al., 2006) .
In this study, we have illustrated the role of EhRho1 in bleb formation and motility of E. histolytica HM-1:IMSS. Our results show that EhRho1 is associated with membrane in bleb region and is needed for bleb formation. Moreover, PI3 kinase activation is required for this process. This is the first report on understanding the mechanism of bleb formation in E. histolytica at the molecular level.
2 | RESULTS E. histolytica trophozoites are highly motile, and their motility is important during invasion of host tissue in amoebiasis (Aguilar-Rojas, OlivoMarin, & Guillen, 2016) . Regulation of amoebic motility within the gut and during invasion is poorly understood. In this report, we explore the role of amoebic EhRho1 in formation of blebs and motility of cells.
| EhRho1 resides in membrane and participates in blebbing
Rho GTPases are known to be involved in cell migration process of different systems (Ridley, Comoglio, & Hall, 1995) . Particularly, HsRhoA has been shown to participate in bleb-driven amoeboid migration (Sahai & Marshall, 2003) . HsRhoA regulates actomyosin contractility, which may cause disruption of membrane-cytoskeleton adhesion and bleb nucleation (Maugis et al., 2010) . Therefore, we checked if the HsRhoA homologue EhRho1 was also involved in blebbing in E. histolytica.
EhRho1 shows >70% structural similarity (Root-Mean-Square Deviation (RMSD) 0.640) with HsRhoA and contains the CAAX motif that is known to get prenylated by Farnesyl-transferases (FTases) leading to its migration from cytosol to the plasma membrane and allow signalling through interaction with other proteins (Figure 1a,b; Bosch et al., 2011; Prendergast et al., 1995) . We carried out subcellular fractionation followed by western blotting to investigate localisation of EhRho1 in amoebic trophozoites. The results showed the presence of EhRho1 in both cytosol and membrane fractions (Figure 2a) . Further, confocal imaging was carried out using specific antibodies, and EhRho1 was visualised in plasma membrane, cytosol, and vesicular membranes.
EhCaBP1 and EhTMKB1-9 were used as cytosolic and plasma membrane markers, respectively (Figure 2b,c; Jain et al., 2008; Shrimal, Bhattacharya, & Bhattacharya, 2010) . However, relative proportion of stains in cytosol versus membrane as estimated from images appears to be different from that observed in western blots. This may be because in E. histolytica, cytosol makes up a substantial fraction of the cell volume, as nucleus is much smaller compared to that of higher eukaryotes, whereas the overall cell volume is large. It is clear from the images that EhRho1 is also present in the membrane of blebs and intensity of fluorescence signal of EhRho1 from bleb membrane is significantly higher (2.5-fold) compared to that of other parts of plasma membrane (Figures 2d,e and S1). Quantitative analysis of fluorescent signal of both EhRho1 and EhTMKB1-9 clearly supports specific enrichment of EhRho1 in the bleb membrane over that of EhTMKB1-9, a general plasma membrane marker (Figure 2f ), suggesting that EhRho1 may have a role in bleb formation.
In order to understand how EhRho1 modulates blebbing, we carried out imaging experiments using EhRho1 antibody and phalloidin (F-actin) at different phases of blebbing, that is, nucleation, expansion, and retraction (Figure 3a) . F-actin and EhRho1 were observed at the site of bleb formation. Further enrichment of EhRho1 was also observed during expansion of the blebs. After complete retraction of bleb, it was observed that membrane got rough or uneven with F-actin scar at the bleb-retracted sites. To check the dynamic behaviour of EhRho1 during the course of blebbing, EhRho1 was tagged with Green fluorescent protein (GFP) at N-terminus and was stably expressed in E. histolytica cells ( Figure S3c ). GFP-EhRho1 containing E. histolytica cells was induced by 30 μg/ml of G418 for 48 hr, and western blotting using anti-GFP rabbit antibodies (Figure 3b ) confirmed expression of GFP-tagged proteins. GFP tag did not alter the localisation of EhRho1 as GFP-EhRho1 showed similar distribution pattern as the wild type EhRho1 when immunostained with GFP and EhRho1-specific antibodies. GFP-EhRho1 was found in both plasma membrane and cytoplasm (Figure 3c ). Time-lapse imaging was carried out at 35.5°C chamber in 22-mm dishes with 2 ml of serum free medium, which clearly showed transient enrichment of EhRho1 in blebs only during the formation stage and reversal to normal levels after the retraction of bleb (Figure 3d ,e; Movie S10). These results demonstrate the involvement of EhRho1 in different stages of bleb formation.
| EhRho1 activation is associated with blebbing in E. histolytica
Activation of cell proliferation can be achieved by addition of serum that induces mitogenic signalling pathways. This leads to HsRhoA activation and stress fibre formation by activation of Serum Response Factor in mammalian cells (Blajecka et al., 2012) . Serum response pathway has been established in E. histolytica (Saha, Bhattacharya, & Bhattacharya, 2016; Shrimal et al., 2010) . In order to investigate the role of serum in blebbing, we determined the number of blebs in cells undergoing serum starvation (12 hr), compared with those that received serum after starvation (replenishment). The results showed that the number of blebs was reduced by 40% in serum-starved cells.
However, on serum replenishment, the number of blebs increased by fourfold and reached the maximum at 30 min (Figure 4a,b) , suggesting that proliferative response is associated with blebbing.
To elucidate the effect of serum on EhRho1 activation, the levels of active EhRho1 in serum-deprived and serum-replenished trophozoites were estimated. For this purpose, Glutathione S-transferase (GST)-Rho-binding domain (RBD) of Rhotekin, known to interact specifically with active form of HsRhoA, was used (Franco-Barraza et al., 2006; Ren, Kiosses, & Schwartz, 1999; Rios et al., 2008) . Binding of Rhotekin sequesters Rho proteins in GTP bound form and inhibits GAP-stimulated or intrinsic GTPase activity of Rho (Ren & Schwartz, 2000) . Cell lysates from serum-deprived as well as serum-replenished cells at indicated time intervals were subjected to GST-Rhotekin pull down and subsequent analysis by western blotting (Figure 4c ). The amount of FIGURE 1 Sequence and structure alignment of Entamoeba histolytica EhRho1 and human HsRhoA. (a) Pairwise alignment highlights conserve residues (*) between EhRho1 (XP_654488) and HsRhoA (NP_001300870). Alignment shows mutated sites, indicated by arrowhead and "CAAX motif" and missing "Rho insert helix" in EhRho1. (b) Superimposed crystal structure models of EhRho1 (green) and HsRhoA (red) bound to Guanosine triphosphate (GTP). Data for crystal structure were taken from protein database (PDB). PDB ID of HsRhoA is 1A2B and EhRho1 is 3REG. RMSD for superimposed structure is 0.640 
Ant-EhRho1
Anti-EhCaBP1 FIGURE 2 Localisation of EhRho1. (a) Subcellular fractionation of Entamoeba histolytica cell lysate, prepared from mid-log phase cells, was fractionated into cytoplasmic and membrane fractions by using ultracentrifugation as described in "material and methods." A total of 50-μg proteins of each fraction were separated on SDS-PAGE, transfered on polyvinylidine fluoride membrane, and immunoblotted with anti-EhRho1 antibody. Anti-CaBP1 and anti-TMKB1-9 antibodies were used to show cytosolic and membrane markers, respectively. Quantitative analysis of immunoblots obtained from subcellular fractionation using software AlphaEaseFC 4.0 based on three independent experiments. (b) Amoebic cells were immunostained with EhRho1 (green), EhCaBP1 as cytosolic marker (red), or EhTMKB1-9 as membrane marker (red) followed by Alexa-488 and Alexa-555 labelled secondary antibodies, respectively. Quantitative analysis of fluorescent intensity of immunostained cells in panel "b." Five random cells were selected and intensity was taken from multiple sites of membrane and cytosol for EhRho1, EhCaBP1 (cytosolic), or EhTMKB1-9 (membrane). Average relative intensity was calculated by taking the signal from membrane and cytosol as 100% for each marker separately (N = 5). To further confirm the role of EhRho1 activation in blebbing, we generated stable (tetracycline-inducible) cell lines for conditional overexpression or knockdown of EhRho1 (Sahoo et al., 2004) We have also determined cell motility using transwell assay (Baxt et al., 2010) . It is clear from the data that amoebic cells expressing EhRho1 in antisense direction displayed diminished migration as compared to TOC-vector control or cells expressing EhRho1 in sense direction (Figure 6d ). We also checked motility using cell migration towards Tumor necrosis factor-alpha (TNF-α), a chemo-attractant, following a published method (Blazquez et al., 2008) . Migration of tro- 
| Functional analysis of EhRho1 mutants
In order to understand structure-function relationship of EhRho1, two mutants were created by introducing point mutations in the GTPbinding site of EhRho1. Q78L is a constitutively active mutant that can bind but cannot hydrolyse GTP and has less affinity for GDI (Bosch et al., 2011) . On the other hand, T34N mutation increases affinity of EhRho1 towards GDP and reduces GTP-binding capability ( Figure S4a,b) . We generated a set of cell lines expressing constitutively active EhRho1 (Q78L) and dominant negative EhRho1 (T34N), as Hemagglutinin tag (HA tag)-fused proteins ( Figure S3b ). Cells transfected with these constructs were maintained at 5 μg/ml of G418 (G418(−)).
The expression of the fusion proteins was controlled by G418 concentration in the culture medium and was checked by immunoblotting with anti-HA along with anti-EhRho1 antibodies. Quantitative analysis of immunoblots showed threefold increase in protein expression at 30 μg/ml G418 (G418(+)) as compared to that of the wild type EhRho1.
Overexpression of mutant proteins did not affect the expression of other proteins, such as EhCoactosin (Figure 7a ). Activation status of EhRho1-Q78L mutant proteins was checked by pull-down with
Rhotekin-RBD (exclusively binds GTP-bound Rho protein). This mutant was unable to hydrolyse GTP as determined by in vitro GTPase assay, suggesting that it was functionally constitutively active, resembling GTP-bound Rho. The other mutant T34N lacked the ability to bind GTP due to which it remained in inactive form. The inability of EhRho1-T34N to bind and hydrolyse GTP was confirmed by both in vivo and in vitro 
Overexpression of constitutively active mutant HsRhoA-V14 or
HsRhoA-Q63L is known to induce blebbing in mammalian cells (Fackler & Grosse, 2008; Kitzing et al., 2007) . EhRho1 has been shown functionally similar to HsRhoA; therefore, it is likely to complement
HsRhoA in mammalian cells (Bosch et al., 2011) . To check whether (Figure 8c,d ). EhRho1-Q78L was also visualised in blebs in these cells, and there was an increase in blebbing by more than fivefold.
A transwell assay was also performed to check whether EhRho1-Q78L
could overcome the motility defect in mammalian HsRhoA mutant cells.
Knockdown of HsRhoA leads to impaired cell motility with low migration in lower chamber as reported earlier (Yan et al., 2014) . Overexpression of Experimental design is shown in Figure S6 . Confocal microscopy and EhRho1 activation assay were performed. As observed earlier, LPA Blebbing is regulated by activation of EhRho1 in Entamoeba histolytica. (a) Western blot analysis of HA-tagged proteins. Cells expressing HA-T34N and HA-Q78L were maintained at different G418 concentration (10, 20, and 30 μg/ml). About 50 μg of cell lysate was used for western blot analysis and specific proteins containing HA-tag were detected using anti-HA and anti-EhRho1-specific antibodies. (b) GTPase assay for EhRho1 mutant proteins expressing cell lines. Cell lysates of indicated cell lines were incubated with glutathione beads bound with GSTRho-binding domain of Rhotekin. After three washes, beads were loaded on SDS-PAGE and electrotransfer on polyvinylidine fluoride membrane. The blots were stained with anti-HA and anti-EhRho1-specific antibodies. EhCoactosin was used as a loading control. (c) Immunostaining of indicated cell lines to show the effect of EhRho1 on blebbing in E. histolytica. Cells were stained with HA-specific antibody followed by Alexa-488-conjugated secondary antibody and TRITC Phalloidin (actin). (d) Quantitative analysis of blebs was carried out in indicated cell lines by selecting 30 cells randomly, and the analysis was done three times. In G418(−) condition, cells were maintained at basal 5 μg/ml concentration and G418(+) indicated 30 μg/ml of drug concentration for 48 hr. (e-f) Transwell and chemo-attractant assay was performed as described in experimental methods, respectively. *p-value ≤ .05, **p-value ≤ .005, ***p-value ≤ .0005, and ****p-value ≤ .00005
The role of PI3 kinases was further investigated by determining here suggest that EhRho1 modulates PI3 kinase activity in E. histolytica cells.
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FIGURE 10 EhRho1 regulates PI 3 kinases activity in Entamoeba histolytica. (a) PI3 kinase assay was carried out as described in experimental methods. Cell lysate of indicated cell lines was prepared and incubated with PIP2 as substrate and reaction was started by adding ATPɣp32 at 30°C for 30 min. The resulting product was resolved on silica thin-layer chromatography (TLC) plate. Spots were identified by a phosphoimager. Quantitative analysis of TLC of PI3 kinase assay in left panel. (b) Total acidic phospholipids were isolates from indicated cell lines by modified Bligh and Dyer method as described in experimental methods. Isolated lipids along with purified PIP2 were spotted on silicaTLC, and spots corresponding to PIP2 were identified by iodine vapour. (c) Total isolated phospholipids from corresponding cell lines were spotted on nitrocellulose membrane and incubated with purified GST-PLC-δ-PH followed by anti-GST primary and anti-mice secondary antibodies for detection. (d) Isolated phospholipids were spotted on a nitrocellulose membrane and detected using anti-PIP2 antibodies followed by immunoblots analysis 3 | DISCUSSION Entamoeba histolytica trophozoites are highly motile cells, and motility is essential for amoebic invasion and pathogenesis. Motility is thought to be mediated through pseudopods and blebs (Meza, TalamasRohana, & Vargas, 2006; Tavares et al., 2005) . Though the mechanism and biology of pseudopod extension has been studied in E. histolytica, not much is known about the process of blebbing. Moreover, the process of bleb formation and its role in cell physiology is not clear even in well-studied systems, such as human (Charras, 2008; Paluch & Raz, 2013) , although blebbing has been implicated in variety of process including metastasis in cancer, early developmental progression, and cell division (Boucrot & Kirchhausen, 2007; Burton & Taylor, 1997; Keller & Eggli, 1998; Kitzing et al., 2007; Shook & Keller, 2003; Voura et al., 1998) . During tissue invasion, E. histolytica cells display high degree of blebbing, and these tend to employ blebbing over pseudopods for migration on high-friction surfaces (Maugis et al., 2010) . Because Rho GTPases are known to control cytoskeleton dynamics during cell migration in mammalian systems (Ridley, 2015) ,
we investigated amoebic Rho-GTPases as possible regulator of blebbing in this organism. Whole genome sequencing had revealed the presence of large number of Rho GTPases (29) in E. histolytica (Bosch & Siderovski, 2013) . We chose to study the role of EhRho1 in blebbing mainly because it is the closest homologue of HsRhoA that is thought to play a key role in cortical actin dynamics in mammalian system (Aoki et al., 2016; Sit & Manser, 2011) . Moreover, LPA has been shown to induce stress fibres through
EhRho1 in E. histolytica, as seen for HsRhoA (Bosch et al., 2011; Franco-Barraza et al., 2006; Rios et al., 2008) . In many systems, LPA is known to regulate cortical actin dynamics and bleb formation through Rho/Rock pathway Ridley, 2015) . Our results show that LPA-enhanced blebbing in E. histolytica is regulated by generating active EhRho1 protein. EhRho1 has also been shown to regulate actin polymerisation by binding to RBD domain of EhFormin1 (Bosch et al., 2011) , and interaction with ROCK leads to phosphorylation of Myosin light-chain kinase (MLCK) that regulates acto-myosin activity in E. histolytica (Franco-Barraza et al., 2006) . Actin and myosin are the major components of blebs and reportedly regulated by EhRho1, which suggests that EhRho1 activity palys important role in regulation of bleb formation in E. histolytica (Franco-Barraza et al., 2006; Torgerson & McNiven, 1998) . Because HsRhoA is known to control blebbing with the help of mDia1 in mammalian cells , it is not surprising that EhRho1 also regulates blebbing in E. histolytica. Rho GTPases are known to participate in signalling pathways involving PI3Ks. This signalling pathway is involved in the regulation of cell polarity, chemotaxis and motility by manoeuvring lipid composition of membrane (Engelman, Luo, & Cantley, 2006; Heo et al., 2006) . We also found that PI3K was involved in E. histolytica tion, whereas sequestering of PIP2 resulted in reduced bleb formation (Zatulovskiy & Kay, 2016; Zhao et al., 2014 ).
In conclusion, we have illustrated a novel mechanism of regulation of bleb formation in E. histolytica through EhRho1 and PI3 kinase pathway ( Figure S9 ). EhRho1 resides in the plasma membrane and, on signalling, migrates to the bleb nucleation site. It is not clear if the migration of EhRho1 initiates blebbing or if it is recruited after bleb formation is initiated. There is presumably a crosstalk of EhRho1 with PI3 kinases, which could eventually control EhRho1 activation, lipid composition, and cortical actin dynamics. The results presented here also suggest that E. histolytica can be a good model system to study detailed molecular mechanism of some of the basic processes, such as blebbing and cell motility. Because blocking blebbing inhibits cell motility of amoeba, EhRho1 and other molecules in this pathway can provide new targets for therapeutic intervention in treatment or prevention of amoebiasis. E. histolytica, being an early branching eukaryote, deciphering molecular mechanism of cell motility, or blebbing in this organism, will help us to understand the evolution of related pathways and molecules in metazoan systems. 4.2 | Cell culture, maintenance, and stable transfection of E. histolytica Entamoeba histolytica HM1 : IMSS trophozoites were cultured and maintained in TYI-S-33 medium supplemented with 125 μl of 250 unit/ml penicillin G (potassium salt from Sigma) and 0.25 mg/ml streptomycin per 100 ml of medium as described before (Diamond, Harlow, & Cunnick, 1978) . Log phase cells were transfected and selected for stable transformants by method as described before for E. histolytica (Sahoo et al., 2004) . Cell lines transfected with tetracycline inducible vectors and GFP or HA tag vectors were maintained in medium containing 10 μg/ml of hygromycin B and 10 μg/ml of G418, respectively.
For experiments purpose, transformants were grown for 24 hr in respected drugs, and then protein expression were induced by adding 30 μg/ml tetracycline in tetracycline inducible system and 30 μg/ml of G418 for GFP/HA expression system respectively for 48 hr. 
| Cloning of various constructs used in this study

| Western blotting
For immunoblotting, protein sample were separated on 10-12% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) as required. The gel was then transferred to a polyvinylidine fluoride membrane by semi dry transfer method and further processed for standard methods. The antigens on polyvinylidine fluoride membrane were detected by incubating antibodies raised in mice or rabbits as indicated, followed by horseradish peroxidase (HRPO)-conjugated secondary antibody (1:10,000, Sigma). Electrochemiluminescence (ECL) (Millipore) reagent was used for visualisation. GST/His antibodies were used at a dilution of 1:3,000 and were obtained from Sigma.
The concentration of proteins in a sample was estimated by bicinchoninic acid assay using bovine serum albumin (BSA) as a standard.
| Immunostaining of E. histolytica cells
Immunofluorescence staining of E. histolytica cells was carried as described before (Sahoo et al., 2004) . In brief, log phage E. histolytica 
| Live cell imaging
Entamoeba histolytica cells expressing GFP-EhRho1 were harvested and allowed to settle on 22-mm glass bottom dish (In Vitro Scientific)
for 5 min at 35.5°C in 2 ml of serum-free TYI-S-33 medium supplemented with 125 μl of 250 unit/ml penicillin G and 0.25 mg/ml streptomycin per 100 ml of medium (Babuta et al., 2015) . The same dish was kept on microscope platform attached to temperature controlling unit. High-resolution fluorescent time-lapse imaging (Nikon A1R, Optics-Plan Apo VC60× oil DIC N2, Camera-Nikon A1, NA-1.4, RI-1.515) of a moving amoeba was performed. The images were captured at two frame per second interval. The raw images were processed using NIS element 3.20.
| Amoebic cell extract and sub cellular fractionation
The 1 × 10 5 amoebic cells were harvested in log phase by centrifugation at 280 g for 7 min at 4°C and washed with ice cold PBS#8. Cells were lysed in Lysis buffer (10 mM Tris-Cl pH 7.5, 150 mM NaCl, 1%
Triton-X100, 2 mM Polyhexamethylene Biguanide (PHMB), and 1× protease inhibitor cocktail [Sigma] ) and centrifuged at 13,000 g for 20 min to pellet down the debris. The supernatant was collected and labelled as total cell lysate.
To separate membrane from cytosol fraction, subcellular fractionation was done. Briefly, 10 7 trophozoites growing in log phase were harvested at 600 g for 5 min at 4°C. The cell pellet was washed with 1× PBS pH 8.0. The cells were resuspended in lysis buffer (10 mM Hepes pH 7.5, 1.5 mm MgCl 2 , 10 mM KCl, 5 mM DTT, 0.2% NP-40, 1× PIC, 2 mM PHMB, and 2 mM phenylmethylsulfonyl fluoride (PMSF)) and incubated in ice for 15 min followed by centrifugation at 3,000 g for 10 min at 4°C. The supernatant and pellet were separated.
The nuclear fraction was obtained by resuspension of pellet in lysis buffer. The supernatant was further subjected to high-speed ultracentrifugation at 100,000 g for 30 min. at 4°C. The supernatant obtained was labelled as cytosolic fraction, and the pellet was labelled as membrane fraction. The pellet obtained post ultracentrifugation was washed with 1× PBS pH 8.0 and resuspended in membrane solubilising buffer containing 100 mM Tris pH 7.5 and 1% Triton X-100.
| GST-Rhotekin-RBD pull-down assay
GST pull-down assay was performed as described before (FrancoBarraza et al., 2006) . Briefly, serum starve cells were lysed in lysis buffer containing 10 mM Mgcl 2 and 5 mM EDTA. Separated supernatant of lysates was incubated with bacterial expressed and purified GST-Rhotekin-RBD bound to sepharose beads to capture active EhRho1. This mixture was incubated for 2 hr at 4°C and pelleted by centrifuge at 100 g for 5 min. Pellet was washed with lysis buffer without Mgcl 2 resuspend in 2× SDS gel loading dye. Proteins were resolved by SDS-PAGE followed by western blotting using anti-EhRho1-specific antibody to detect active and total EhRho1 present in cell lysate.
| Transfection in HEK293T cells
Transfection shRNA against RhoA and otimised EhRho1 in HEK293T cells were performed by lipofectamine 3000 (Invitrogen) as per the manufacturer protocol. Briefly, lipid DNA mixture was prepared by mixing lipofectamine 3000 with DNA, and this mixture was added on top of the cells. Cells were harvested after 48 hr after transfection for imaging or lysate preparation.
| GTP binding and GTPase assay
Ultraviole (UV) crosslinking assay: To perform the UV cross-linking assay, 20 μM of purified EhRho1 or EhRho1 mutants (T34N and Q78L) or rEhDLP1protein was added to GTPase buffer containing 20 mM HEPES (pH 7.2), 2 mM MgCl 2 , 1 mM DTT, 1 μCi Υ 32 P GTP, and 150 mM NaCl, and 10% glycerol was incubated on ice for 10 min and then exposed to UV light irradiation (wavelength, 254 nm) at a distance of 5 cm for 30 min at 4°C with a system from Strata gene. After termination of UV exposure, 0.8 μl of 100 mM dGTP and 20 μg of bovine serum albumin were added to the reaction mixtures. Proteins were precipitated by incubation in 10% trichloroacetic acid for 45 min at 4°C and washed with acetone. These proteins were separated on 14% SDS-PAGE, and the labelled proteins were visualised using a Phosphor Imager.
Filter binding Assay: For filter binding assay, EhRho1 or EhRho1 mutants (T34N and Q78L) or rEhDLP1 was incubated in buffer containing 20 mM HEPES (pH 7.2), 2 mM MgCl 2 , 1 mM DTT, 150 mM NaCl, and 1 μCi Υ 32 P GTP for 20 min at 4°C. The samples were loaded onto a nitrocellulose membrane (0.45-μm pore size) in a filter dot blot apparatus under a vacuum. The filter was rapidly washed once with 250 μl of cold buffer. The dried filter was imaged using a PhosphorImager, and spots were quantified using Multi-Image software.
The GTP hydrolysis by EhRho1 or rEhDLP1 was monitored using 
| PI3 kinase assay and PIP2 extraction
Cells were lysed with cantley lysis buffer plus protease inhibitor (aprotinin 100 μg/ml, Leupeptin 1 μg/ml, PMSF 35 mg/ml), spin at 10,000 × g for 15 min. Supernatant was separated after centrifugation. Phospholipids were isolated using modified two-step Bligh and Dyer method (Jensen, 2008) . Briefly, 1 × 10 7 cells homogenised in 3.75 ml of a mixture chloroform/methanol (1/2) and vortex during 10-15 min, and then 1.25 ml chloroform was added with mixing 1 and 1.25-ml water with mixing another minute before centrifugation.
Lower phase was collected in glass tube and 1.88 ml of chloroform was added to the nonlipid residue, vortex, and centrifuged. Lower phase was first mixed with chloroform in the glass tube. After evaporation, the lipid extract will be dissolved in a small volume of chloroform/ methanol (2/1).
| Cell motility assays
Chemotaxis: Experiments were carried out as describer before (Franco-Barraza et al., 2006 (Rastew, Vicente, & Singh, 2012) .
